Objective: Cancer risk increases with age, creating a challenge for the Chinese health system. To inform public health policy and research, we evaluated the cancer burden in elderly Chinese. Methods: Based on the published Chinese Cancer Registry Annual Report or related literature and the China Population and Employment Statistics Yearbooks, we estimated the cancer burden of elderly Chinese, who were representative of the Chinese population. We calculated the cancer incidence, cancer-related mortality, potential years of life lost (PYLL), and disability-adjusted life years (DALYs) in 2005-2011 by age, sex, district (rural, urban), and calendar year using national cancer registry, publication, and census data. The relative ratios (RRs) were determined between the elderly (≥60 years) and young (<60 years). Results: Cancer incidence and related mortality in the elderly were 8.47 and 13.96 times, respectively, those in the young. The PYLL and DALY rates of the elderly were 1.63 and 5.00 times, respectively, those in the young. The PYLL and DALY rates for elderly men and rural districts were higher than for elderly women and urban districts. The RRs for
elderly Chinese in 2005-2011 by calculating cancer burden indices, including incidence, mortality, potential years of life lost (PYLLs), DALYs, PYLL rate, and DALY rate. Furthermore, to assess the degree of cancer burden, we derived the relative ratios (RRs) of these indices between the elderly and young. The findings can provide guidance to develop policies for cancer prevention and control in China as well as a reference for future tumor research.
Methods

Data Sources
To obtain data regarding cancer in the elderly Chinese population covering the years 2005-2011, including the incidence and mortality by age, sex, and region, the data for 2005-2009 were collected from the published Chinese Cancer Registry Annual Report of 2008-2012 [9] [10] [11] [12] [13] , and the data for 2010-2011 were collected from published literature [6, 14] . For comparisons, elderly was defined as ≥60 years old, and young was considered <60 years old.
The census of the Chinese population was estimated based on the China Population and Employment Statistics Yearbook of 2006-2012 [6,14-20] . The following formulas were used to estimate the age-specific, sex-specific, and region-specific populations:
Total population = sample population/sampling rate (1) Urban (rural) population = total population × percentage of urban (rural) population (2) Male (female) population = total population × percentage of male (female) population (3) Age-specific population = every age-specific sample population/sampling rate (4) Based on these estimations, 13.71% of the population was ≥60 years old ( Figure 1 ). 
Calculation of Indices
Potential Years of Life Lost
In the formula for PYLL Equation (5), X is the median of each age group, dx represents the number of deaths in each age group, and L is the life expectancy based on the 
Potential Years of life Lost Rate
In the formula for PYLL rate Equation (6), N is the total number of early deaths, defined as death at an age between the upper and lower limits of the age group, and PYLL is the result of Equation (5):
Disability-Adjusted Life Years
In the formula for DALYs Equation (7), YLL is the years of life lost, and YLD represents the years lived with disability:
YLL and YLD were calculated using the following Equations (8) and (9):
In the formula for YLL, N is the number of age-specific and sex-specific deaths, while in the formula for YLD, I is the number of new cases. DW represents the weight (DW = 1 when the death occurred). The discount rate (γ) is typically chosen as 0.03 [21] . C is 0.1658, which is an age weight-adjusted parameter. β is a parameter of the age weight function, for which we often include 0.04 [21] . α is the average number of people who are dead or disabled. L is the standardized life expectancy, and we used 80 and 82.5 for men and women [22] , respectively.
Disability Weight
We used the DW values from global disease burden research published by the World Health Organization (WHO) in 2004 [23] .
Disability-Adjusted Life Year Rate
In the formula for DALY rate Equation (10) , N is the number of the population aged between the upper and lower limits of the age group, and DALY is the result of Equation (7):
Relative Ratio of the Cancer Burden between the Elderly and Young Subjects
The RRs were calculated Equation (11) for the incidence, mortality, PYLL rate, and DALY rate between the elderly and young populations to evaluate the degree of the cancer burden present in the elderly: 
Statistical Analysis
We used DISMOD2 software, which is recommended by the WHO [24] , to determine the average course of disease and time of onset for each age group. YLD, YLL, and DALY were calculated using the operating modules provided by the World Bank. SPSS 20.0 (SPSS Inc., Chicago, IL, USA) was used to compare the RRs for incidence, mortality, PYLL rate, and DALY rate between the sexes and districts using t tests or Wilcoxon tests. p < 0.05 was considered statistically significant.
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Results
Cancer Incidence in the Elderly Population
The cancer incidence in the elderly population in China in 2005-2011 was 1076.24/100,000, which was 8.47 times that of the young population (127.11/100,000). The cancer incidence of the elderly in rural districts (1127.06/100,000) was higher than that in urban districts (1046.46/100,000). The cancer incidence in the elderly men (1390.32/100,000) was higher than that of the elderly women (773.88/100,000).
The RRs of the cancer incidences between the elderly and young were 11.06, 6.00, 8.62, and 8.78 for men, women, urban districts, and rural districts, respectively. The incidence rate of men (≥60) was statistically higher than that of women and the incidence of rural district (≥60) was higher than that of urban district, respectively (both, p < 0.05; Table 1 ). The RRs for men, women, urban districts, and rural districts increased from 2005 to 2011. The top ten cancer types in the elderly men were lung, stomach, colon, rectum and anus, esophagus, liver, kidney, prostate, pancreas, lymphoma, and thyroid gland cancers, while those in the elderly women were lung, colon, rectum and anus, stomach, breast, esophageal, liver, ovarian, uterine, thyroid gland, and cervical cancers (Figure 2 ). The rankings of the cancer incidences in the elderly remained consistent from 2005 to 2011. Lung cancer was the top-ranked cancer, while breast cancer displaced stomach cancer in the second rank. The cancers specific to women became increasingly common and moved to the list of the top ten cancer incidences. In particular, breast cancer increased from the fifth position in 2005 to the second position in 2010. In addition, ovarian and cervical cancers moved to the top ten cancer list in 2010 (Table 2) .
Cancer-Related Mortality in the Elderly Population
Cancer-related mortality in the elderly population in China in 2005-2011 was 807.38/100,000, which was 13.96 times that of the young population (57.82/100,000). In addition, mortality in the elderly in rural districts was 901.21/100,000 higher than that in urban districts (794.42/100,000). Mortality in elderly men was 1071.48/100,000, which was higher than that of elderly women (553.15/100,000).
The RRs of mortality between the elderly and young were 14.72, 13.06, 15.08, and 12.14 for men, women, urban districts, and rural districts, respectively. The mortality for men and rural districts of the elderly were significantly higher than for women and urban districts (all, p < 0.05; Table 3 ). The RRs in all districts were higher in 2011 than in the other years and significantly increased from 2005 to 2011. The ranking of cancer-related mortality in elderly Chinese was consistent from 2005 to 2011. The top three cancers for mortality were lung, liver, and stomach cancers. Since 2010, breast cancer-related mortality has considerably increased, moving from the seventh position to the sixth position. In 2011, cervical cancer-related mortality was in the ninth position ( Figure 3 , Table 4 ). 
Potential Years of Life Lost in the Elderly Population
The PYLL in the elderly (26,901,836 person years) was lower than that of the young because the population base of the elderly was less than that of the young (Table 5 ). The PYLL rate was 21.08/1000, which was 1.63 times that of the young (12.90/1000). The PYLL of the elderly in urban districts was 10,930,841 person years, and the PYLL rate was 18.19/1000, which was 1.63 times that of the young (11.19/1000). The RR for the PYLL rate in the rural districts was 1.54. The PYLL rates for the elderly were significantly different between rural and urban districts (W = 34.00, p = 0.018) (Figure 4) . The RRs for the PYLL rates between the elderly and young showed increasing trends from 2005 to 2011 for both sex ( Figure 5A ) and district ( Figure 5B ). 
Disability-Adjusted Life Years in the Elderly Population
Due to the smaller population base of the elderly, the DALYs of the elderly (75,013,661 healthy life years) were less than those of the young (94,664,862 healthy life years). The DALY rate of the elderly was 58.79/1000, which was 5.00 times that of the young (11.76/1000). The DALYs of the elderly in urban districts were 33,780,542 healthy life years, and the DALY rate was 56.20/1000, which was 5.40 times that of the young (10.42/1000) ( Figure 6 ). The RR of the DALY rate in the rural districts was 4.63. The DALY rates of the elderly were significantly different between men and women p < 0.001) and between rural and urban districts (p < 0.05) (Figure 6 ). The RRs for the PYLL rates tended to increase for sex ( Figure 7A ) and district ( Figure 7B ). 
Discussion
Based on the published Chinese Cancer Registry Annual Report or related literature and the China Population and Employment Statistics Yearbooks, we estimated the cancer burden of elderly Chinese people by calculating indices such as the PYLL, DALY, and RR. The present study showed that the cancer incidence and related mortality in the elderly were significantly higher than those in the young; the mortality rates in the elderly exceeded that of the young by more than 12 times, and the RRs of the PYLL and DALY rates were significant, exceeding ratios of 2. In addition, we also find that cancer incidence and mortality in elderly Chinese is changing; the cancer burden in rural districts was higher than that in urban districts, and male elderly always had a higher cancer burden than female elderly. The findings also indicate that tumors have become a disease that is significantly influencing elderly people's health in China.
With the increasing aging population, the incidence of cancer has also significantly increased. The cancer incidence and cancer-related mortality in the elderly Chinese population in the present study were higher than the global averages published on the GLOBOCAN website [22] and lower than those reported for developed countries such as Japan and the US, while cancer-related mortality was similar to that in Korea. It is possible that the registry failed to report all of the cancer cases in the system due to medical conditions that were in the early stages [25] . Compared with the young, the cancer incidence and related mortality in the elderly increased sharply and were significantly higher than the global rates (133.8/100,000) in 2013. Organ hypofunction in the elderly could increase the susceptibility to or risk of cancer [26] , and DNA damage has been reported as a main reason for cancer onset [27] . The anti-virus (human papillomavirus, hepatitis B virus, Epstein-Barr virus) ability of the immune system and the capacity for DNA repair decrease significantly with age, which could also contribute to the increased occurrence of and death from cancers in the elderly [28] .
Cancer not only damages health but also shortens life expectancy. The PYLL and DALY rates for the elderly in the present study were more than two times those of the young, which was probably related with the large number of deaths in the elderly. Other studies have reported similar results, with >80% of cancer deaths occurring in the elderly [29] . Cancer-related mortality in the elderly in the present study was 13.53 times that of the young. The first potential reason is that the elderly have a higher probability of having the risk factors for cancer. Second, the anti-inflammatory ability of the elderly decreases sharply, and malnutrition can complicate cancers. These potential reasons for the high cancer-related mortality [30] in the elderly also explain the increased disease burden in the elderly.
DALYs are a key measure of the burden of cancer mortality based on the degree of illness and disability in patients and long-term survivors [31] . The cancer burden of elderly Chinese was determined using the two components of DALYs-YLL because of premature mortality and YLD. Based on a comparison with data for the global burden of cancer from 2008 [32] , the DALY rate in the elderly was significantly higher than those in East Asia (21.97/1000) and globally (23.69/1000). The DALY rates of both sexes in the Chinese elderly were higher than those in East Asia (men 25.53/1000, women 18.53/1000) and globally (men 24.35/1000, women 23.01/1000). These results indicate that the cancer burden in elderly Chinese is substantial and related to the rapidly aging Chinese population and imperfect health care system in rural districts. However, age is one of the most important factors causing cancers, and improved access to high-quality treatment has not greatly improved survival for cancers associated with poor prognosis and subsequently high total DALY. Therefore, to alleviate the cancer burden, the health care system has to be improved to meet with the increasing need of treating cancers.
Differences in disease burden were found between the sexes and districts. Because men are more likely to have a number of unhealthy habits such as smoking, alcohol abuse, and high amounts of stress than women, they had a greater disease burden. The differences between districts can be explained by the imbalanced medical resources and income gap between the rural and urban districts.
In the present study, the ranking of cancer incidence and mortality in China was different from the most recent GLOBOCAN data from 2012 [1] . During the study period, China was focused on economic development, was involved in over-exploitation of natural resources, had high-polluting industries, and had a weak health care system, which might explain the differences in the rankings. Lung cancer remains the top ranked cancer in China, which might be due to environmental pollution, smoking, and the proportion of men in the population. Comparatively, breast cancer is the highest ranked cancer globally [1] . In China, the rates of breast cancer increased sharply from 2005 to the second position in 2011; the implementation of early diagnosis, screening examinations, and increasing awareness of self-examination might explain this increase. In addition, the incidences of lung, liver, stomach, and colorectal cancer remain high in the elderly, based on data from 2005 to 2009. Because of the lack of recent annual cancer reports, these trends need to be analyzed further using continuous data to enable the consideration of early diagnosis, screening examinations, and interventions for healthy behaviors by the government or health care system. This is particularly important for relieving the cancer burden because of the aging population.
China has experienced a particularly sharp increase in the aging of the population, reaching the levels of developed countries in only half the time [33] . The elderly Chinese population has increased approximately 0.17% annually over the past 20 years, affecting all of the provinces [30] . This creates a serious challenge for the government because of the limited medical services and health resources. The results of the present study, which focused on population health issues, can provide guidance for development of health policies by the Chinese government.
Conclusions
In conclusion, this population-based study demonstrated that elderly Chinese have a considerable cancer burden, and this was higher in men and rural districts than in women and urban districts, respectively. Comprehensive measures for cancer prevention and treatment should be implemented to reduce this cancer burden. Future studies should be conducted with long-term, continuous data to evaluate the economic impact and factors influencing the cancer burden in the elderly.
